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INTRLIOUCTION

KTONATIW PRESSURES OF PBX-W34, LXP4POS1TION B,
PBx-9502, ANO NITRMTFIANE

H. C. Wis and J. 6. Resmy
Los Alams Natiaal Laboratory

Los Alems New Mextco

.- ——

Wasur-ts of detonation pressure for PBX-9404, Cmosition B,
PBx-9502, EGS nltr-thane we presented. The tnterpretdtions of the
dhta are discussed. and the tmpllcatfon$ are c~ared with results frcnn
other experi~nts. The pressures are considered frcm the point of view
of their use as calllrations for calculation, and suggestions are given
for slight changes frm thz masured value for use with limited calcula-
tion procedures.

— -—— . . . ...— . .-. —.—c .—— .

nonsteady flm !S one-dimensional and self-

Oata frm a mmber of different types of
experiwnts are presented and evhluated, to
obtain estimates of the detonation pressures of
the ●xplosives PBX-9404, C~o~ition B,
PBx-9502, and nttrmethanc. The desired pres-
sm is that at the end of the reaction zone in
a steedy Plme detonttton, t.e., the Chapman-

The results are summarizedJouquec pressure.
In Table 1.

[Xplostvo

PBX-9404

Ccqostttnn B

PBX-9502

Nitrwthme

similar,- the expansion region is called the
Taylor wave. The model is strictly applicable
only to plane, lamtnar flow, with the redction
zone a steady flow region (t.e., the reactton
zone is Indectmdmt of timx in a coordinate
system atttchad to the plane shock wave). The
mdel then treats only detonations that proPa-
gate with constmt veluity and constant pres-
$Ure prof~le in the reaction zone. If the
reaction zone is negligibly thin cuqmed wtth

TABLE 1
Sumery of Wontitlon Pressures and Related Data

L~nsity

91CW3.—

1.846

1.730

1.895

1.133 (23C)

Interpretation of empert~ntal data
tndepcndentof the mdel umd, Even
through the dcta points Iwltes a mdel, or at
leant rastrlctias aI a mdel. Flaurc 1 sham

is never
a curve

a dlagrm of the pressure proftlo-fof the ZkO
dcl of Stedy detonation. The Ieadfng fmmt
Is t shak w. that cmesses Md heats tha
●nplosfve to start the c~lcal reacttat. The
reglm inhere ths rotctb ttkos plare ts calbd
the raetlon zone, os mrked a tho dtagrrn.
Utan the reacttaI Is ftntshcd, ●npanstom
ccmtlnues tn a nonltetdy flm regfon. Uterithe

Mave
Pressure Ve13city
6Pa ~ A

35.6* 0.4 8.?76 2.99

26.3fi0.4 7.95 3.16

28.9*I 7.?0$ 2.B9

13.4*0.4 6.299 2.35

the size of the emplrstve charge, a Sh’Wler
mdel called the CJ mdel of detonation ts often
used. The retctton zone in Ftg. 1 thrtnks to
nothing; the mly port of tt that remains Is
the potnt that marks the ●nd. Thfs pofnt,
called the CJ potnt, Is the tnitfal state for
th~ foil-tng expanston. mst c~uter cod~t
for hydrodyn~tc calculations of systems us~n9
exploslve~ we bssed on this si~le Mel. It
Is very d{fftcult to traat the reaction zone
Properly In a code, tn pwt because tha 2ND
mdel has two tW scales. A very short one ~s
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Fig. 1. 2ND Model of a steady plane det~nation
reaction zone.

needed for the reaction zone, and most of the
reaction takes place in a smdll part of the
zone, so very fine cells are required to get
?nough accuracy for good simulation. A much
longer time scale is needed for the rest of the
problem, which is the interaction of the ●xpand-
Ing detonation gases with the driven metal
parts. Coarser cells can be used for this por-
tion. If f~nc cells are used throughout both
reg~ons, the proolem bccoms prohibitively slow
and enpenstve because of the unnecessary detail.

T;le imortant calibration point for either
nmdel is the CJ pressure. For the 2ND model,
we define tt..! CJ pressure to be the pressure at
the end of the reaction zone where the unsteady
expansion attaches to the steady reaction zone,
If the real system has an appreciable reaction
zone, but is to be modeled using the CJ code,
It may be necessary to adjust the CJ pressure
upward a little to eccount for the ●xtra pres-
sure and monentwn in the reaction zone. If so,
the ‘calibration” changes with the size of the
svstem.

Fran the 2ND mdel, we :ee that every explo-
sive has a Iagth and ttm scale of its own,
determined by the length snd time for the
reaction t9 be cmletad. In practical arranue-
mants, the reactton zone w{ll not be set up In
lt8 mteady form by the Initiating system, and
the utebdy state will be approached aWPtOti-
cally after the trhnnlent behavior. Every
ehplosive is expected to ha~e trmstents; the
i~ortant question Is hether they cause an
apprsclable effect In the systems that interest
us. The rat{o of retctfan zone lmgth to mm
Imgth tharact~rlttfc of tho system determines
the Iwortance of the transient ●ffect. For a
particular system size, one wplosfve m$tht
have negligible transient effect, while another,

with a longer
effect.

Some work
2ND model to

reaction ?one, might have a large

has been done to extend [1,2] the
detonation that is slightly non-

steady, and calculations with resolved reaction
zones have been made. The details will not be
discussed here. Instead, we look at the
experiments? data to see whether transients are
important in PBX-9404 and Composition B.

The discovery, many years ago, that the
detonation velocity for an explosive composition
is a constant value characteristic of the
material, led t:h::e postulate of a steady
reaction zone underlies the theory,
Reversing the argument, we expect the detonation
velocity to be different frcxnthe steady value
if the reaction zone is not steady. By measur-
ing detonation velocity for different charge
lengths, the distance over which the initiation
transient has appreciable effect can be deter-
mined. Figure 2 shows m?asurefnents [3] of
detonation velocity vs charge length for
PBX-9404 and Composition B. The dashed lines
are the constant detonation velocities charac-
teristic of these materials. Uithin the small
scatter of the measurements, the velocity for
PBX-9404 is constant at the steady value. The
transient is unimportant, at least after the
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Fig. 2. Detonation velocity vs charge len~th
for PBX-9404 and Cmosit~on B. The
dashed line shows the steady detonation
velocity.
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wave has run 15 or 20 nsrt.For Canposition B,
on the other hand, the velocity is well below
the steady value even after more than 50 mn of
travel, md we can expect to find effects of
the initiation transieot in large charges.

The reaction zone length and shape, besides
setting the scale for the transient, set the
scale for edge ●ffects. He c8nnot infer any
detailed relatlonshtp, but wz ●xpect that If
one cxploslve shows a slower decay of the
initiation transient than another, it will also
show ●dge effects at le.rgerdiameter than the
other does. Ftgure 3, from the work of Cwnpbell

effects is three or four times larger for
Composition B than fcm PBX-9404. Since the
reaction zone is sampled differently by the
transient effect and the diameter effect, we
can draw nc conclusion except that the two
explosives are ordered the same way.

Magnetic probe measurements are made by
embedding a plane mtal foil in the flow system,
arranging a divergent magnetic field through
it, and placing a pickup coil outside the flow
system. Hhcn the flow moves the foil, eddy
currents are fnduced in it. These currents
change the field at the coil and induce a volt-
age. The analy%is, simple in principie but
lengthy, relates the foil velocity to the
observed voltage. The data, then, are in the
form of a continuous record nf particle velocity
of the foil at a function of time.

Magnetic probe measurements for PBx-9404,
Cm’qmition B. and PBX-9502 were presented by
Davis [5]. Results are shown in Figs. 4, 5,
and 6. The data in Fig. 4, for PBX-9404, are
for five different charge lengths. There is no
evidence of a reaction-zone spike at the frunt
as in Fig. 1. The dashed lines are particle
velocities, found from a calculation for an
identical system, descrtbinq the exp:osive with
a CJ mmdel with infinitesimal reactton zone and
a CJ pressure of 35.6 GPa. The fit is adequate

-m I within the two-percent accuracy of the nWasure-
.Dn ~,, ~w O,* ,00 ’10 Qw ,,, #m wf, rents. The data for the shortest charge length

Fig. 3.

vu (*-’1

Detonation velocity vs reciprocal
charge dimneter for a number of caplo-
sives. The new designation for X-0290
is PBX-9502.

and En$nlke [4], shows detonation veltiity
plotted against reciprocal radius for a lar e
number of explosives, mong !them PBX-MO ,
C~osition B, PBX-9502, and nitromthan~.
Although the

Y
raph sh~s curves o? different

shapes for dif eront explosives, th- curves for
PBX.9404 and C~osition B are quite similar.
Table 11 shows a c~ar ison of the ftt pararw-
ters found by CampMll and En9elke. Their r~tio
for CmPosition B and PBX-9404 is batweon three
and four, Whtch means that the scale for Odge

are a little low at the front, and perhaps a
little too flat to agree with the calculation.
Possibly the transient is responsible for the
difference, but the data are not good enough to
tell. At any rhte: the effect iS small or
absent and certainly no large transient effects
are present.

Th? data for Cmpositlon B, Pig. 5, show a
reaction-zone spike thdt has an appreciable
effect out to about 1!2 IJS, in agreement with
the detonation velocity results, The pressure
at the end of the reaction zona is not constant,
but varies with the length of the charge. How-
ever, a calculation using a CJ model, shown by
the dashed lines, seems to be a
to the data bfter the reaction
pressure for the calculations {s

TABiE 11
Ditmeter EffKt Parameters

D(r) -D(-) [1 -A/(r- rc)l; rf = failure radius

PBX-M04

Cwosition B

Nitrmethane

PBX-9502

A/A,
—.

‘f

A

090 I 590

2640 3*19 2140

26M 2.92 1420

19400 21.13 45a)

reasonable fii
is over. The
27.4 GPa. Th@

‘f’’rfl

1

3.63

2,41

7.63
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Ftg. 4. Magnetic probe measurements of particle
veloctty in a plane detonation system
using PBx-9404, The numbers on the
curves are the charge lengths, The
dashed lines we calculations of the
motion made using a CJ model with CJ
pressure 35.6 GPrI.

i

L~
o

limo .(ps)

Fig. 5. ma netic probe nmtsu~~nts of pwticlo
!w ocity in a plm dutontt~on system

using C~ositfon B. The numbers on
tha curves drc tho charge lengths..
The dashed Iinas ora calculations of
tho nxotfonMde using @ CJ nuwhl with
CJ pressure 27.4 GPa.

fwe-wrftca v~lalty ~asurements discusted
below give 26.3 Wt for the raal CJ proswre bt
tiw end of ther~ectlon zme. [n our discussion
above of the calibration of a CJ Model to be
used for #n explosivt wtth t resolvable reacttom
zone, It WM pointed out thht the apparent

(P402C)

2~-j

L
25.4 mm-

1.5-
1 1 1 1 1 1 1 1 1 1 1
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6, Magnetic probe masurcments of particle
velocltv In c Diane detonation system
using ~Bx-9502; The numbers on the
curves are the charge lengths, The
dashed lines are calculations of the
motion made using a CJ model with C.-1
pressure 29,3 GPa,

pressure might have to be adjusted upward a
little to ~ke it work, and here we have an
example.

The data for PBX-9502, fig. 6, show a reac-
tion zone spike 1ar9er than that for
Composition B, and lasting a little longer,
A9a!n, the pressure at the end of the reaction
zone vari@s with the length of the char9e, A
calculation using a CJ model with pressure
29.3 GPa is a reasonable flt to the data after
the reaction is over. The extra mcmentum tn
the rtaction tone will drive inert parts with
more energy than the calculation sug ests, and

1’4n even higher pra%sura Is needed or $imple
cc+nputations,

In 1945 Goranson ~ugqested that explosive
prestures could ba inferred from nmasuremmts
of the free-surface velocities of metal plates
driven by a plane detonation wave, By firing a
series of experiments wfth the SMXS hmtal, but
with a ran e of plite thicknesses. the shape of

f’the react on zone ml ●xpansion wave (see
Fig. 1) can k mapped out. Furthermore, by
firing additional strivs with a different mtal,
the reflected shock Hugontot curve and the
enpantlon itentropt curve can be mapped out,
too. An enormms nunber of shots has been fired
to meke all these nuhsurenwnts,

The results for C-osition B htve been
publ~thed [1,6.8] bnd interpreted cevoral tinw.
The i:litialinterpretation WCS, of course, In
terms of the CJ model; the latest and best [1
uses a sophisticqtcd nonsteady model to fit al1
the ~asuremnts, not enly of free-surface

4
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velocity, but diverse others. The detonation
velocity data of Fig. 2 are In agreement with
this model. The detonation wave looks, at any
chosen Instant, much like the 2ND model shcnm
in Fig. 1, with the reaction zone 1/2 us long,
and the CJ pressure 26.3 GPa. However, the
reaction zone profile changes with the length
of the charge. Although the meazured points
near the front of the reaction zone increase
about 10 percent over the range of lengths used
for experiments, the masured pressure at the
true end of the reacti~ (the point that beconms
the CJ point ir~ the !imit of infinite run),
increases ?ess than one percent, and the slopr
of the “Taylor wave” is hardly distinguishable
from that found for a CJ nndel. The only
obvious effect of the buildup with length is
within the reaction zone.

Sane of the CartPositionB data from free-
surface velocity measurements arc
Fig. 7.

shown in
They give a very confused idea of

initial free-surface velocity, apparently
changing with charge size. The two-reaction
model, with only a very small fraction (about
four percent) of the total energy liberated in
the slow reaction, fits all the data very well.
Examples of the fit are shown in Figs. 8 and 9;
the fits [1] to the rest of th+!data points are
cilSO good. The time-dependent change is almost
entirely within the reaction zone, and later

Ffgi 7.
.

Pmemekncm[mm )

Free-surfac@ volaity vs plato thick-
ntsg data for a on~-dimensional C~o-
aition B/dur&l Th@ charm
lengths aro 203.:ys&m’(o), 101.6 nsn

1)
● , 50.13 am (a), tnd 25.4~ (V).
h~ dash~d ltnos arc the result of

calculations mado usinf V-lW equations
of stat~ for th~ oxplostv~ Qms and a
Mie-Qrmi80n oquotion of state for
tho dural. They corr~spond to CJ
pressurm of 26.8 end 29.30Ps,

Ramsay (P4020)

I I I I I

H
I 1 1 1-,

0 10 3’0 40 50
Pl~?~Thlcknoas(mm 1

Fig. 8. The free-surface velocity of dural
plates induced by a 203-nsrIcharge of
Composition B. The solid line is
calculated from the rno:nl; the dashed
lines is for a CJ nmel with pj =
29.3 GPa.

expansion is nearly unaffected. The maasti;ement
technique exaggerates the effect, because it
smnples the Taylor wave only very close to the
front.

Frtg-surface velocity data for PBX-9404,
although axtonsive, have not been published,
and tho @xperimants themselves are not satis-
factorily described ?nd dtscussed. Same inter-
pr~tition [9] was done. Apparently, the reason
for this near absence of publications arose
becausa the firLt sat of nuacurements uas
classiflad uhan PBx.9404 was new, and workers
have failtf to publish, rather than face the
problems of relatln9 their new date t“ elder
classiftad data. Figure 10 shows our collection
of the measured points, for free-surfaca veloc-
ity of dural plates driven by a plane wave
detonatim in PBX-9404. Tha curves tn Fig. 10
are calculated frew-surface velocities usin9
the PAD code; a CJ model and a constant-l
quat!on of state for tha exDlosive; and an
OltBtir, pwfectly plastic mdel for the dural,
with yield 8tren9th 0.3 GPa and shear nmdulus
25 GPa. Most of the data are flt pretty well
with this mdel for a CJ pressure equal to
35.6 GPa, The Points for one-inch charg~ length
mtqht be better fit by 34.5 GPa, and the ones
for one-half inch length by 32.5 GPa. The
detonation veloc!ty data shown in Fig. 2 do not
support this apparmt observation of pressuro

6
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Fig. 9. The
into
tion
from
a CJ

10 ao so
Plata Thlchnoon[nwn1

free-surface velwities induced
uranium by 203 nsn of Cmposi.
B. The solid line is calculated
the rmdel; the dashed line is for
mdel ulthpj ■ 29.3 GPa.
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9/1

Pwtfcle velocity In dural drlv~n by
PDX-W04, Inferred from frw-surfaco
velocity mwremnts, Plotted w thg
ratio of dural thlckneas to QXP1OSIVQ
thlcknesa. The ltnes we calculated
velocltlos for three dlffarent CJ
Prmuras ua~ng Q CJ mdel for tho
Qmploslvas and an Qlutlc, perfectly
plcstlc mdal for tw dural.

buildup, but the magnetic probe data in Fig. 5
could be taken to s~ggest it. An alternate
explanatlo,lmight be that strain-rate dependent
strength of the dural nust be taken into
account. The discrepancy remains to be
●xplained. Even so, the pressure at one-inch
length is dwn only three percent If the data
are fit with the simple model used here, am~ at
one-half Inch the effect is less than nine
percent. The buildup model used to treat the
data for C~osition B, discussed above, showed
that although the reaction zone profile changed
a lot, the Taylor wave changed very little. At
present we cannot understand how PBX-94C4 could
behave very differently.

Nltromathane has been used for many expert-
swnts, but the data used to determine its CJ
pressure have not been published in any detail.
There Is not space for them all here, but they
can be brltfly reviewed. The detonation veloc--
Ity results in Table 11 make us think that the
reaction zone IS almost as long as that of
Composltlon B, but the p-essure measurem’mts
seam to show no reaction zone effects. Bdzi1
[10] has estimated that the reaction zone for
nltromthane 1S about 0.07 nrnlong, as compared
with his estimate for PBx-9404 of 0,02 inn. His
work uses a new model of detonation In a cylin-
der. The new theory has not yet been applied
to Composition B.

There are several sets of free-surface velo-
city data for nitrwthane. One set of plane-
wave nmasur~nts is shown in Fig. il. These
seem to follw the computed Taylo; wave shape,
and sh~ no evidence of any appreciable reaction

1.3

a.8

#ml

t.o

1,9

t,s

1,7

Ima

Fig, 11. Plot of s- of the free-surface
velocity data for nltromthane in the
scaled plane. The line Is from a CJ
mdal calculatfonw{th p . 13.4G?a,

+There is no evfdence o any reaction-
zone effects.
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zone. Many experiments have also been done
where free-surface velocity was measured using
ltmg cylinders of nitro’nethane. One set of
these is

1.7

1.s

Fig. 12.

shown In Fig. 12, plotted against the

Nitromathanm (Long Tubes)

1

Plot of some of the free-surface
v?locity data for nitronethane, These
measuranents were made using cylindri-
cal charges, and are plotted in a
scaled Plane to agree with Taylor’s
treatment of the flm behind a curved
sonic surface. The line is a least-
squares fit to the points.

square root of the ratio of plate thickness to
charge diameter. This sc?ling is chosen because
the soric surface curv~d in a cylindrical
charge, and Taylor [11] has shown that the inert
flow follming a curved sonic surface has this
form. The results frm six different sets of
measurements are plotted in Fig. 13. The inter.
pretation of these data is given in the figurg
Ceptiol. The best estimate for the CJ pressure
is 13.4 ● 0.4 GPc, for constercialnitromethane
(97.5 percent nitromethane, with nitroethane
the main hmpurlty) at 23”C.

The free-surface velocity date for PBX-9502
are not nearly as extansivt as they are for the
other explosives discussed here, Figure 14
shows the dcta obtained fof charges which are
12.7, 25,4, and 50.8 nrn long by 108 mm id dim.
The results wera obtained using the reflected-
wjre techniques used for many of the other
free-surface velocity nmasuremnt$ reported
here. All charges mer~ fram the sene producti n
lot. !The averago density was 1.895 g/cm ,
The diameter-eftcct data in Table 11 and the
Ngiletic probe dots lead us to ●xpect.behavior
with a r,:actiontone effec~,c~arable to that
for Cmposltlon B,

The steady-state, Infinite dicmetcr rletona-
tlon velocity of PBX-9502 17 7.706 IWus. !Jsing

Ramsay (P4020)

kc~
o 05 1.0 1.5 25

% - mm/;tnuc

Fig, 13, Plot of the results from six sets of
measurermts of the initial free-
surface velocity for nitromethane.
Point 1 Is a cylindrical-charge set of
data taken at 0“:, and lies about 7
kbar high because of the high dens~ty
at that temperature, Point 2 is from
the plane.wave data of Fig. 11, at
23-C. Point 3 is ‘or the cylindrical-
charge data of Fig, 12, at 23’C,
Point 4 is for an atypical batch of
nitromthane ~% percent NH;, for
plane-wave charges at 23*C. All these
data are for dural plates, Point 5 is

for cylindrical charges with glass
plates, and point 6 is for cylindrical
charges with plastic plates (Sierracin
611), both at 23”C. The straight line
is the Rayleigh line for nitromethane.

a velocity deficit of O 056 nsn/us, v - 2.89,
and reserving 1.5 p&cent of the ener y for the
second reaction, 1a two-reaction mude was fit
to the data obtained for the 25.4-nsn-long
charges. The corresponding curve for the
12.7-rnrI-longcharges lies belw tile data, and
is above the data for the 5(J.Wnn-long charges.
The canputed curves are shown In Fi . 14 with
the respective data. A mnparisol o! the two-
reactlon nmdel using the some paramters to the
magnetic probe data is ~hown in Fig, 15, A
small systematic deviation is iloted, but the
overall agreement is good. The ~~artatioris
during the early part of thb canputed curve
arise from numerical noise. From thts analysis,
we conclude thnt the C-J pressure for PB -9502

\(with mn initial density of 1.895 g/cm ) 1s
28.9* 1 GPa,

7
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